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Abstract

Based on historical observations at 77 meteorological stations and a long-term dataset of
integrated land-atmosphere interaction observations on the Tibetan Plateau (TP) (2005-2016), the
historical simulations from 12 models participated in the sixth Phase of the Coupled Model
Intercomparison Project (CMIP6), and GEWEX-SRB satellite radiation products, we have
quantitatively examined the ability of CMIP6 models in simulating the surface sensible heat flux
over the TP during 1979~2014, and analyzed the possible causes of simulation biases. Results
show that CMIP6 models can well reproduce the annual cycle and seasonal spatial patterns of the
sensible heat over the TP, albeit with lower amplitudes than calculated sensible heat flux,
especially showing obvious underestimation over the strong sensible heat regions. The area-
weighted long-term spring sensible heat fluxes over the central and eastern TP simulated by 12
models are generally lower than calculated values, with the minimum sensible heat amplitude in
MIROC6 which has approximately 1/3 of the climatological amplitude in calculated sensible heat
flux. Further, we find that wind speed at 10 m and land-air temperature difference in spring

simulated by models are stronger and weaker than calculated values, respectively, implying that



the lower sensible heat amplitudes simulated by CMIP6 multi-models are mainly attributed to the
cold biases of land-air temperature difference. Spatially, the cold biases of land-air temperature
difference widely exist over the central and eastern TP, in which more specifically, both of surface
temperature and air temperature show the cold biases, however, with colder biases in surface
temperature. The cold biases mechanistically are likely related to the simulated stronger
precipitation over the TP in CMIP6 models.

Key Words Tibetan Plateau; CMIP6 models; Sensible heat flux; land-air temperature difference;

cold bias.
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Fig.1 Geographical distributions of 80 meteorological stations (black solid dots) and six latest integrated observation

stations (red stars), in which 77 meteorological stations are located in central and eastern TP; The blue box indicates



the regional average range (15-35°N, 40—-60°E) of the CMIP6 simulations below, and the red box shows the positions

of the two stations being compared to each other
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Table.1 List of models used in this study, including the model names, countries, numbers of ensembles, resolutions,

and data references

B PR Hx  BESH AR EE BTN
BCC-CSM2-MR =8} 3 160 x 320  Xin et al., 2018
BCC-ESM1 =8} 3 64 x 128 Wu et al., 2020
CESM2 EH 10 192 x 288  Danabasoglu, 2020
CESM2-WACCM EH 3 192 x 288  Danabasoglu, 2019
CNRM-CM6-1 VEE 10 128 x 256  Voldoire et al., 2019
CNRM-ESM2-1 e 5 128 x 256  Seferian, 2019

GISS-E2.1G EH 10 90 x 144 NASA Goddard Institute for Space Studies (NASA/GISS) 2018



GISS-E2.1H EH 10 90 x 144 NASA Goddard Institute for Space Studies (NASA/GISS) 2017

IPSL-CM6A-LR PENES 31 143 x 144 Boucher et al., 2020
MIROC6 H4x 10 128 x 256  Tatebe et al., 2019
MRI-ESM2.0 H4x 5 160 x 320  Yukimoto et al., 2019
UKESML1.0-LL eS| 6 144 x 192 Tangetal., 2019
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Table.2 List of the stations in the high resolution integrated observational dataset and Duan2018, including the station

names, latitude, longitude, and the straight-line distance between the two corresponding stations

ZAENNEEE A 2353 Duan2018 i 2353 3l A ELER R 5 (km)
BJ 31.37°N 91.90°E Nagqu 31.29°N 92.04°E 16

QOMS 28.36°N 86.95°E Dingri 28.38°N 87.05°E 10

SETORS 29.77°N 94.73°E Linzhi 29.40°N 94.20°E 65

NADORS 33.39°N 79.70°E Shiquanhe 32.30°N 80.05°E 125

NAMORS 30.77°N 90.98°E Tangxiong 30.29°N 91.06°E 54
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Fig.2 Temporal evolutions of sensible heating flux at corresponding five stations (a—e) for the high resolution integrated
observational dataset (red lines) and Duan2018 (black lines). The correlation coefficients of two sequences are shown

in the bottom left corner of the figures
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Fig.3 Annual cycle of the climatological mean sensible heating flux (W- m2) over the central and eastern TP during
1979~2014; Black and red solid lines represent the sensible heating flux of the 77-station-averaged and the median of

the 12 CMIP6 modes, respectively. The other 12 dotted lines indicate the regional averaged sensible heating flux of the

12 models
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Fig.4 Spatial distributions of the (a, b) spring and (¢, d) summer mean sensible heating flux (W- m2) over the central

and eastern TP during 1979~2014 for the (a, ¢) Duan2018 and (b, d ) CMIP6 multi-models
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Fig.5 Temporal evolutions of the (a) sensible heating flux (W- m™), (b) wind speed at 10 m (m's!), and (c) land-air

temperature difference during 1979~2014 for observations and multi-models; Black and red solid lines indicate the

elements of Duan2018 and the median of the multi-models, respectively; The other 12 dotted lines indicate the regional

averaged elements of the 12 models
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Table.3 Climatological mean of spring sensible heating flux and its inter-annual variability (W- m?), wind speed at 10
m (m- s7!), and land-air temperature difference (°C) over central and eastern TP during 1979~2014 for observations

and CMIP6 models. The numbers in bold are the observations
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CESM2 47.69 3.22 3.58 1.49
CESM2-WACCM 47.77 1.56 3.57 1.53
CNRM-CM6-1 43.16 433 3.46 0.39
CNRM-ESM2-1 46.56 1.42 3.46 0.61
GISS-E2.1G 53.47 5.23 3.12 0.02
GISS-E2.1H 41.20 3.13 3.43 0.14
IPSL-CM6A-LR 37.75 1.72 4.67 1.75
MIROC6 21.29 0.89 2.79 0.94
MRI-ESM2.0 35.12 1.49 5.90 0.57
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Fig.6 The relative variations of the deviation between the 12 models and observation for sensible heating flux (red
columns), wind speed (green columns), land-air temperature difference (yellow columns) and C coefficient (grey
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